The mean percentage of unbound warfarin in the tenidap group (0.08% ± 0.09) was significantly different (P = 0.047) from that in the placebo group (-0.03% 0.10) but this was not considered to be clinically meaningful. 6 These data indicate that prothrombin times should be monitored during concomitant administration of tenidap and warfarin.
Introduction
Tenidap sodium is a novel, cytokine-modulating antirheumatic agent currently undergoing clinical investigation in the USA and Europe for the treatment of rheumatoid arthritis and osteoarthritis. Tenidap inhibits cyclo-oxygenase activity [1] and has significant effects on acute phase proteins; for example, tenidap has been shown to lower the plasma concentration of C-reactive protein in patients with rheumatoid arthritis [2, 3] . In vitro, tenidap has also been shown to inhibit production of the cytokines tumour necrosis factor, interleukin-1 and interleukin-6 [4] , which mediate release of acute phase proteins from the liver [5] .
Warfarin is a coumarin anticoagulant widely used in the treatment and prophylaxis of a variety of thromboembolic disorders. It is used in the prophylaxis of atrial fibrillation [6] , thromboembolic complications with prosthetic heart valves [7] , transient ischaemic attacks [8] and prophylaxis and treatment of deep venous thrombosis [9] .
Non-steroidal anti-inflammatory drugs (NSAIDs) also inhibit cyclo-oxygenase; these include salicylates [10] , ibuprofen [11] [12] [13] , phenylbutazone [14] and flurbiprofen [15, 16] , which have all been shown to interact with warfarin, and these interactions may be of clinical importance [14] . Interactions may occur through a number of different mechanisms, including displacement of warfarin (which is highly plasma protein bound) from plasma protein binding sites, and stereoselective inhibition of the metabolism of the Sisomer of warfarin [14, 17] . The result is a prolonged prothrombin time without a proportional increase in the concentration of warfarin.
More than 99% of tenidap is tightly bound to plasma protein [18] ; therefore, the effect of its administration to patients taking other highly bound drugs, such as warfarin, merits investigation. The Prothrombin times Blood samples (3 ml) were obtained for determination of prothrombin times immediately before and at 12, 24, 36, 48, 60, 72, 96 and 120 h after each dose of warfarin. Prothrombin times were determined by a standardised assay with thromboplastin and photooptical detection using a Coag-A-Mate X2 (General Diagnostics) [19] .
Determination ofplasma tenidap concentrations
Blood samples sufficient to give 3 ml plasma were collected prior to dosing with warfarin on day 1 and prior to dosing with tenidap or placebo on days 32 and 33. Plasma was prepared and stored frozen at -15°C until being used for assay.
In preparation for assay, acetonitrile (0.1 ml) containing CP-66,993 as an internal standard was added to 50 jil of plasma. The samples were vortexed and centrifuged at 40 C, and 50 jil of the supematant was added to vials containing 50 jil of 0.025 N Trisphosphate buffer (pH 7.4). Part of this sample (20 jil) was analysed by h.p.l.c. (Waters 481) using a 200 x 4.6-mm Novopak C-18 column packed with 5 gm particles, preceded by a 50 x 3.9 mm guard column consisting of 40 ,um glass beads. The mobile phase comprised 0.025 M Tris-phosphate buffer (pH 6.5) and methanol in a ratio of 55:45 (v/v) with a flow rate of 1 ml min-'. Absorbance was monitored at 365 nm [20] . Standard curves, constructed over a concentration range of 0. 
Statistical evaluation
The area under the prothrombin time-time curve during the 120 h after administration of warfarin (AUC(0, 120h)) was calculated by the linear trapezoidal method. Comparison of the difference in AUC(0,120h) between the first and second doses of warfarin was undertaken using a paired, two-tailed, Student's t-test. Mean differences in prothrombin time between the first and second doses of warfarin were compared at each time point (0-120 h). From scintillation counting data the percentage of unbound warfarin was calculated: % unbound warfarin = 100 -[(dpm ml-' plasma -dpm ml-' buffer)/ dpm ml-' plasma].
The mean change in plasma protein binding of warfarin was also calculated using a paired, two-tailed Student's t-test.
Results
A total of 15 volunteers were enrolled into the study and their baseline demographic details are shown in Table 1 . Of these, 12 subjects completed the study and were included in the pharmacodynamic analysis. The three subjects who were withdrawn were all from the tenidap group: two were excluded for non-compliance (one before receiving tenidap), and the third subject was withdrawn on day 34 (2 days after the second dose of warfarin) because of probable treatmentrelated adverse events (moderate nausea, vomiting and abdominal discomfort). One subject in the placebo group continued in the study despite developing skin bruising and myalgia approximately 1 week after the first dose of warfarin. 
Plasma concentrations of tenidap
Concentrations of tenidap in plasma were in the range of those observed previously in normal volunteers receiving daily doses of 120 mg tenidap (trough levels ranged from 3.4 to 7.0 gg ml-') and indicated compliance with the study regimen [20] .
Prothrombin times
All prothrombin times were within the normal range (9.5-12.5 s) before administration of each dose of warfarin. Normalisation of mean prothrombin AUC(0,120h) values following the first and second doses of warfarin are shown in Table 2 . The mean difference in AUC(0,120h) between the first and second doses of warfarin in the tenidap group was significantly different from that in the placebo group (P = 0.007). The mean change in prothrombin time between the first and second doses of warfarin was 4.5% in the tenidap group compared with -2.3% in the placebo group.
The differences in prothrombin times at 36, 48, 72 and 96 h between the second and first doses of warfarin were significantly different for the tenidap and placebo groups (P < 0.05) ( Table 2 ). The change in mean prothrombin times after the second and first dose of warfarin for the tenidap and placebo groups was not significantly different at 120 h.
Plasma protein binding of warfarin
The mean percentages of unbound warfarin determined from plasma obtained before the first and second doses of warfarin (2 h after the dose of tenidap on day 32) for subjects in the tenidap and placebo groups are shown in Table 3 . The mean change of 0.08% (range -0.06% to 0.18%) between day 32 and day 1 for subjects in the tenidap group was significantly different (P = 0.047) from the mean change of -0.03% (-0.15% to 0.10%) for subjects in the placebo group.
Discussion
Concomitant administration of warfarin and 120 mg day-' of tenidap, compared with warfarin and placebo, resulted in a small but statistically significant increase in the prothrombin time AUC(0,120h). This is likely, however, to be of little or no clinical significance. A slight delay in normalisation of prothrombin times in the tenidap group compared with placebo followed the second dose of warfarin. The daily administration of 120 mg tenidap had a small, but probably clinically insignificant, effect on the plasma protein binding of warfarin. In the tenidap group the percentage of unbound warfarin in plasma prior to the first dose compared with prior to the second dose of warfarin increased by 0.08%. as opposed to a decrease of 0.03% in the placebo group. Warfarin is metabolised by the cytochrome P450-IIIA isozyme [21] . The lack of a clinically significant interaction between tenidap and warfarin that is indicated by the present study suggests that tenidap neither induces nor inhibits the P450111A isozyme. Similarly tenidap is unlikely to interact with other drugs which are metabolised by P450IIIA.
The effect of tenidap on plasma protein binding, although statistically significant, was small. Other antiinflammatory agents, such as the NSAIDs mefenamic acid, phenylbutazone and salicylates, have also been shown to displace warfarin from plasma protein binding sites [22] . However, clinically significant interactions between different NSAIDs occur by mechanisms other than displacement of plasma protein binding, and the likelihood of clinical interactions cannot be predicted on the basis of plasma protein binding [22] .
Most NSAIDs potentiate oral anticoagulants via a number of mechanisms [14] . Schulman & Henriksson [23] reported that in 20 patients (the majority elderly) stabilised on warfarin, addition of ibuprofen (600 mg three times daily) significantly prolonged bleeding times after 1 week (P < 0.05). In four patients, bleeding times were prolonged above the normal range of 140-570 s, and one of these patients experienced a doubling of bleeding time. However, analysis of the results from this study was complicated by the many concomitant drugs some patients received.
Drug interactions with antirheumatic medications are a significant problem because of the numerous medications utilised in the geriatric population. Elderly patients may be at further risk from decreased metabolic activity and reduced renal function. Awareness of potential drug interactions is essential, and appropriate monitoring should be undertaken to minimise clinical toxicity.
The findings of this study suggest that concurrent treatment of warfarin and tenidap was safe and that the pharmacodynamics and plasma protein binding of warfarin were not altered to a clinically meaningful extent by administration of tenidap. The statistically significant increase in free warfarin in tenidap-treated subjects is also unlikely to be clinically relevant, and there appears to be no evidence to discourage the advisability of co-administration of warfarin and tenidap. However, since many cyclo-oxygenase inhibitors alter platelet function and haemostasis, additional monitoring of prothrombin time is recommended when tenidap is added to the regime of patients stabilised on warfarin.
